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ABSTRACT 
The purpose of' this study was to evaluate cephalo-
metrically the lateral changes occurring within the cranio-
racial complex during rapid expansion of the midpalata1 
suture. 
'liventy-threa children (mean age 12 years 5 months) 
exhibiting bilateral posterior crossbite and maxillary 
o·onstr:iction were selected to undergo rapid maxillary 
expansion as the first step in their orthodontic treat-
ment. Ten children received acrylic split-palate maxil~ary 
expansion appliances; the remaining thirteen children 
received hygienic maxillary expansion appliances. All 
selection was random and no attempt was made to divide the 
patients according to age or sex. 
Each appliance was expanded until the maxillary buccal 
segments were no longer in crossbite and the proper lateral 
anatomical relationships were obtained. Posteroanterior 
cephalometrio radiographs were taken prior to activation 
of the appliances and immediately ~allowing discontinuance 
or activation in order to ·determine the dental and skeletal 
change·s. 
'rhe following conclusions were reached: 
1. The acrylic maxillary expansion appliance produced 
tl1e same amount of dental and skeletal expansion as did the 
hygienic maxillary expansion appliance. 
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2. There was no significant . change in maximum over-
all width of the skull or mandibular molar width. 
3. The increase in the dental arch width was about 
t1dce that of the basal maxillary width. 
4. The mean increase in binasal width was 2.2Lµnm and 
was strongly. correlated (.01 level) with the increase in 
bimaxillary width. 
· 5. Smal], but statistically significant, increas·es 
occur in the bizygomatic width, ~ateral. orbital width, and 
media] orbital. width. The clinical signiricance or these 
changes is questionable, since they are quite small and· 
possibly relapse during the period of retention • 
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CHAPTER 1 
REVIEW OF THE LITERATURE 
Using the term o~ Haas1, 11 real11 maxillary constriction 
has stimulated numerous theories of treatment regimen and 
their consequential effects. This variance of opinion 
began in documentation in 1860 with the work or Wescott2 
and White3. Each introduced an appliance which, over. a 
period of time ranging from a number of weeks to a year, 
expanded a narrow maxilla, widened the pal~tal vault, and 
corrected the dental relationships. Wescott•s appliance 
consisted of an adjustable palatal. arch which was attached 
to the maxillary premo1ars2• White used a spring activated 
expansion plate3 which was quite similar to the device 
described by ~offin4 in 1882. 0ne advantage of maxillary 
expansion, accordfng to ~orfin4, was the increased access-
ibility to interproxima.Jl decay between the central incisors. 
- Angell~ {1860) introduced an appliance which he £alt 
actua.J.ily separated the maxilla by widening the midpalatal 
suture. He attached a jacksorew with bands to the maxillary 
premolars of a rourteen year old girl and activated it 
over a period 0£ two weeks. The resulting space between 
the central incisors was interpreted as evidence of actual 
suture separation. However, McQuillen6 issued an accom-
panying editorial challenging Angell's belief. He based 
8 
-·· 
his doubt on the ability of the maxillary suture to be 
separated on the 11 ••• anatomio relations existing between 
the right and left superior maxillae and the other bones 
or the face with which they articulate. Even admitting the 
impression of the writer to be correct, it would be a very-
strong argument against the use of such an apparatus, for 
surely the irregularity of the teeth is a trifling B.rfair 
as compared with the separation of the maxillae, whicn oou1d 
not take place without inducing serious disturbances ·in the 
surrounding hard and so;ft parts." These same criticisms 
voiced by.McQuillen6 were to arise a number 0£ years later •. 
Those, along with the l-1idespread acceptance of the 11:t'unctiona.l 
concept11 o-C devel!opment, l.ed to a temp0I'8l7 abandonment or 
this method o~ orthodontic treatment • 
. 
Goddardi (1893) believed that separation or the mid-
palatal suture could be achieved and felt it necessary to 
maintain the separation :iin order that " ••• a deposit ot 
osseous material in the suture would help to retain the 
exact width of the aroh." His original premise was that 
ir separation did occur, it would take place in the suture 
be-tween the premaxilla and the maxilla on either side. 
When he examined his patients during treatment, he £ound 
that his theory was incorrect. Case8 (1893) and Monson9 
~1898) criticized expansion devices which were attached 
only to the teeth1 sinoe they produced only changes in the 
9 
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widt~ of the dental arch. Coverage of the palate was 
necess·e.ry, they i'elt, in order to provide additiona1 sup-
port to the maxilla during expansion. 
Brown10- 14, in 1903, was the tirst to describe the 
rhinological benefits consequential to sutural expansion. 
He noted widening of the nares, which improved nasal res-· 
piration and sinus drainage and reduced hypertrophied nasal 
and pharyngeal mucus membranes. He believed growing children 
showed a marked physical improvement and relief or nervous 
tension ~q. habits • . These improvements, he f'elt, were due 
. 
to the improved nasal respiration and the reduction of nerve 
irritation .following uncrowding or the dental arch. 11 ! 
cannot help_ feeling that this treatment can be made a ver'Y 
important ~actor in safeguarding against tuberculosis. After 
all, the totaat sum of advanced treatment of tuberculosis 
may be expressed in a few words: more and better air, more 
~d better f'ood. 11 11 
A number or oth~~- investigators, including P£aft15 
(1905), Black16, 17 ~1909), Dean18 (1909), Landsberger19 
(1910), \Af1llia20 ·t1911 ), ~Iright21 (1911 )., Hawley22 (1912), 
.-
23 · 
and Co1lier t1915), described results similar to those or 
Brolm 1 s tin.creased width of the nares and _improved nasal 
function). P~aff15 noted an increased sus~eptability to 
pneumonia and inf'ections vrith nasal insufficiency. He also 
believed that the expansion should take place slowly, since 
10 . 
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the slower the expansion, the more per£ect the widening 
of the higher portions of the nasal vault. B1aok16~17• 
Wiilis20, and Hawley22 f elt that an additional benefit to 
nasal respiratio1n was the straightening of' the deviated 
septum, seen in a number or their patients \Uldergoing 
maxillary expansion procedures. Biack16, 17 and Willis20 
also noticed a lowering of the palatal vault as a result 
of the outward tilting of the aJ.veoli; this, too, helped 
to :r-educe the stenoais of the nasal cavity.. The need f'or 
retentive appliances was found to be rrdnima1; fo]lowi.ng 
&2t..'1)ansi·on of t'he maxillla, the septum, according to Black 17, 
must ~ither 11 ••• spring down between the two halves of the 
palate and hold these apart or ••• there is a new deposit 
of bony tissue which keeps the widened maxilla in its 
position. 11 
The ufunctionat ·concept" of development, of which 
Ang1e·24 ~1910) was one of the .first proponenta,··held that, 
. 
if the teeth were gently moved inta their proper re1ation-
shmp by oonserv.ative orthodontic means, the change in func-
tion would stimulate bone growth. Bullen25 (1912), Ketcham26 
(1912) 1 and Deway27128 (1913) be1ieved that a gradual widening 
of the maxillary den·t;al arch to correct the occlusal relation-
ships established a balance of forces which stimulated growth 
of the maxilla and nasal cavity and correoted a deviated 
septum. As the teeth are expanded,. the tongue, according 
11 
to Kemple29 (1914) and Cryer30 (1915), is allowed to come 
forward to a more normal position, which also relieves . 
pharyngeal obstruction and permits ~rear nasal respiration 
and drainage. 
Cryer30~ along with Federspie131 (1913)~ Ottolengui32,33 
(1913), and Stanton34 (1914). believed that it was not 
possible to expand the midpalatal. suture because it is well 
protected and held in position by the facial and cranial 
bones which act as abutments. Federspie131 could not prove 
that the suture had been opened when he made an exploratory 
incision. into the area. Stanton34 failed fn an attempt ·to 
expand the midpalatal suture of a cadaver. Ottolengui32,33 
was, at first. a proponent of maxillary expansion, but follow-
ing the presentation of his paper :in 1904, he received consider-
able criticism from his colleagues and reversed his position. 
As mentioned above, it was these criticisms of the 
~ard.lle.ry expansion procedure, along with the acceptance 
of a !'unotional ·concept of development, that led to a temp-
orary abandonment of thj_s method or orthodontic treatme~t 
in. the United States. In Europe. Badcock35 ·{1911), Sohroeder-
Bensler36 (1915), Huet37 (1926), and Mesnard ~1929) 
continued to use maxillary expansion procedures and to report 
on them in the literature. Mesnard•s findings were quite 
similar to those described by many earlier rhino~ogical 
investigators: lowering of the palatal vault and floor of 
12 
the nose~ straightening of the nasal septum, and restoration 
of nasal permeability.38 
According to Haas1, the use of rapid maxillary expan-
sion was reintroduced into this country by Korkhaus in 1 956. 
Korkhaus39,40 described perm.anent maxillary expansion, in 
some oases, of 10mm or more. Enlarg.ement of' the palate 
and intranasal space was also noted by him. In one of hie 
earliest studies, Haas41 (1959), using the pig as the 
experimental animal, found that the procedure was apparentCl..y 
pain free .~d, contrary to the reports of some of the 
e·arlier investigators, the midpalataJ. suture o.ff'erred very 
little resistance to opening. Sutural expansion o'fl 15nnn 
in two weeks time was measured. 
Krebs42 (19.58), usl!ng vitallium implants in alveolar 
and basa1 bone, found that the increase in dental arch width 
was twice that of the basal maxillary segments, while the 
.increa.se in the alveolar width was midway between these two. 
These changing relationships between the dental structures 
and the implants led him to hypothesize a hinge-like lateral. 
rotation of the maxillary segments resulting in a suture 
opening which was widest inreriorly and became increasingly 
narrow superiorly. Lateral rotation of the maxillary seg-
ments has been reported by Haas1,41,43-45, Cleall, et 
. 
a146 (1965), Stambach, et a147 (1966), Wortz48,49, · and 
Starnbach and Gleall50 (1969). Haas43 believes the apex 
13 
to lie within the nasal cavity, whi1e Starnbaoh, et a147, 
using rhesus monkeys co:rnpa.rable to human children ages 
. 
seven through nine years, determined the apex to be at the 
cranial base. Wertz49 £eels that the apex or maxillary 
rotation is within the regio,n o:r the :frontomaxillary suture. 
It has been noted that the amount of appliance opening 
and! ·dental expansion is always in excess ot suture opening • 
. Krebs42 attributes this to lateral rotation of the maxillary 
segments during expansion; whereas, Thorne51 (1960) . believes 
it is the result o~ tooth movement and Haas11~3,Lµ.i.· feels . 
that bending of the alveolar bone is involved. Tooth move-
ment in a buccal direction was found, by Stambach, et a147 
and Stambach and Clea.115°, using the monkey as the exper-
. imentail animal, to be bodily in nature rather than tipping. 
Their concl~sion was .based on observing equal compression 
of the periodonteJ. membrane on the pressure side and a 
. constant angle between ·the 1ong axis 0£ the teeth and the 
palata1 plane. Rotation of the pal.ata1 plates about the 
midpalatal! suture, giving the impression or tooth tipping, 
was also noted; therefore, supporting the lateral rotation 
postulated by Krebs42. Murray and c1ea1152 (1971), in a 
histologic study of the rhesus monkey, found an initial 
tip.ping of the molars in a buccal direction, but by the 
fourteenth day, the tooth movement became bodily in.nature. 
14 
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A tendency for the mandibular molars to upright during 
expansion o:r the maxillary a~ch has been observed by Haas 1·,43 
and Davis and Kronman53 (1969). Haas 1· ,43 believes this 
change in molar position to be a response to altered forces 
of: occlusion or changes in muscular balance. 
From an ooclusa1 vie~, Debbane54 t1958), using the cat 
as the experimental animal, found the midpalatal suture open-
ing to be widest anteriorly and to become increasingly narrow 
posteriorly. Similar ~bservations have been made in human 
subjects Qy Wertz48,49, MossS5 (1968), Timms56 t1968), and 
Lovetere57 (1969). Moss55 and Timms56 believe that the· 
zygomatic arches and the cranial articulations restrain 
the posterior regions 0f the maxilla and allow further expan-
sion to be expressed anteriorly. The resu1ts published by 
Haas 1·,43~44 show sut~e opening to 0ccur in a parallel fashion~ 
anteroposteriorly. 
Using serial lateral cephalograms of patients treated 
with a rapid palatal. expansion appliance or the acrylic type, 
Haas43 (1961) noted that point A was displaced in a forward 
and downward direction. He believed this direction 0r move-
ment was a result of the orientation or the craniomaxillary 
sutures. During the period or retention, point A showed a 
tendency to return to its original position. A similar 
forward displacement o:f point A was described by Isaacson 
and Murph?8 l 1964), using male patients with surgically 
15 
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repaired clei't lips and palates-, Davis and Kromnan.53, and 
Lovetere57. However, unlike Haas43., the resul.ts published 
.. 
by Davis and Kronman53 show a downward movement of point A 
in on!~ fifty percent of the cases. Wartz49, in a 1970 
study utilizing children who demonstrated bilateral maxillary 
crossbite, ~ound that downward displacement of the maxi1la 
was rather routine, but forward displacement was limited 
to only a very few patients. Following three months or reten-
tion, the maxi]las which did move ~orward showed recovery 
fifty percent o~ the time, remained stable thirty pe~cent 
0£ the time, and continued their anterior displacement in 
twenty. percent of the cases. This downward bodily movement 
ot the maxi]la with little, if any. forward movement was 
also noted by By;rum59 (1971). A three-dimensional cephalo-
metric study conducted by Hefiliin60 (19~0) disclosed no sig-
ni!'i.cant anteroposterior changes occurring in the maxilla. 
- Haas1•43-45, Isaacson and Murph~8• Davis and KrOnman53, 
I.ovetere57 • Wertz49 ,' and Hei'lin 60 all agree that a clock- _ 
wise rotation ot the mandib1e, with a resultant increase 
in ]ower face height and a decrease in effective mandibu1ar 
length, occurs during rapid expansion of the midpalata1 
~ 
suture. It has been theorized that this change in mandibular 
position results from the forward, downward, and lateral 
movement of the maxilla and the changing dental relation-
ships, but in some cases, as shown by Davis and Kronma.n.53, 
16 
the mandibular plane angle was seen to decrease. During 
the period or retention, both Davis and Kronman53 and 
Wertz49 noticed a tendency for the mandible to return 
towards its original position. 
Any increase in the ANB angle resulting from f'or1iard 
movement or the maxilla and backward rotation of the mandible 
aids in the correction of Class III and pseudo-Class III 
1nalocclusions because o:f an improvement in the maxillo-
mandi bu1ar relationship. Deep bite cases also show improve-
ment as tne lower face height increases. Class ]I mal-
occlusions and openbite cases have a tendency to become 
worse during the period 0£ rapid maxillary expansion; thera-
rore. both Haas1 ,43-45 and Wertz49 advocate the use of a 
chin cup and/or high pull headgear in those situations where 
mandibular rotation is determined to be undesirable. 
The value of rapid palata] expansion as a means of 
.increasing nasal capacity was one or the primary reasons 
for its initial use. An analysis of expansion in patients 
with unilateral cleft lip and palate, conducted by Subtelny 
and Brodie61 (1954), showed that the inferior turbinates 
moved awa:y from the septum and an improvement in ventilation 
occurred. No change in the deviation of the septtun was 
noted. Only slight changes in the configuration or the 
nasal cavity were seen by -Isaacson and Nurphy58 in their 
study consisting of clert lip and palate patients. Haas41_ 
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using the pig as the experimental animal, measured increases 
in nasal width up to 7ram. Krebs42 , studying maxillary 
expansion with the aid o:f metall ic imp1ants, noticed an 
increased nasal width of 2.5mm, which showed only a slight 
tendency to relapse during a ten month period or fixed and 
removable retention. Results similar to those of Krebs' 
were reported by Thorne51 , who measured widening of the 
nasal cavity on serial radiographs. 
Increases in nasal airflow have been reported by Haas1.43, 
Joffee62 ~1967,), Wertz48,49, Timms56, and Lovetere57 • 
. Haas 1,43 and Jef'£ee62 round that th ... improvement in nasal 
respiration varied from s lliight to marked, depending upon 
the aeverit~ of the origina] nasal stenosis. Wertz48 
reported increased nasal. air'£low during rest and mild 
exercise in most of his patients undergoing maxillary 
expansion; however, some patients demonstrated a slight 
~decrease. During maximmn effort, all patients recorded 
increases i n nasal flow. He does not believe opening or the 
midpalatall suture for the sole purpose of increasing nasal 
permeability can be justified unless the obstruction is 
shown to be in the 1ower anterior portion of the nasal .. . 
cavity and accompanied by a bilateral arch width de~iciency. 
Lovetere57 found an increase in nasal airflow in only three 
of seven children requiring rapid palatal expansion. 
Changes in palatal conriguration have been reported 
by Haas1 ,43, Cleal1, et a146, Lebret63 (1965), Starnbach, 
et a147, Joffee62, Davis and Kronman53, and Lovetere57. 
Cleall, et a146 and Starnbach, et a147 have noted a rlatten-
ing or the palate during the expansion procedure; this flat-
tening may be related to the lowering of the floor of the 
nasal cavity observed by Haas43,44 and Joffee62• During 
their investigation of the anatomic changes induced by 
splitting of the midpalatal suture, Davis and Kronman53 
. 
and Lovetere57 observed no signi~icant changes occurring. 
in the height or the palatal vault as a result of this · 
change in position 0£ the floor a£ the nasall cavity.. 
Lebret63, comparing the effects of the labiolingual 
· appliance versus the expansion plate, found that the influ-
ence of the conventional orthodontic appliance was limited 
to changes within the alveolar process; whereas, the expansion 
_plate produced changes involving the entire contour of the 
palate. · 
. 
West64 ~1964) studied histo1ogical1y all of the sutures 
between the maxilla and adjacent bones in rhesus monkeys. 
Using sections cut in different planes, he concluded that 
only the maxilla was moved by rnpid expansion. Starnbach, 
et a147, studying changes in the cellular activity and bone 
rernodeling in the :facial sutures of rhesus monkeys, revealed 
that the frontonasal suture underwent the greatest change, 
19 
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the zygomatfcoma.xillary suture less, and the zygomatico-
temporal suture the least. Tetracyline labelling in rhesus 
monkeys was used by Gardner and 1Cronman65 ( 1 971 ) to show 
that all honey areas intimately related to the expansion 
area under,'1ent increased sur.face apposition. The palatal, 
midpalata1, premaxillary, zygomaticomaxillary, sphenooccipital., 
1ambdoidal, and parietal sutures were responsive to expansion 
rorces as e~idenced by increased dye uptake. Murray and 
Oleall52 , using tritiated proline as a lable in rhesus 
monkeys~ followed sutural changes via autoradiographic sections. 
They observed that the premaxillary, maxillary, and maxillo-
palatine sutures acted as adjustment sites by allowing dif-
ferential opening during the expansion procedure. Their 
study coni'irme~ the work or Debbane54, who noted similar 
histologic changes at these sites in the cat, except at tlie 
maxill!opal.atine suture, which showed no activity in his study. 
~Debbane also observed evidence oT traumatic injury within 
the midpalatal .suture as characterized by dilatation of 
blood vessels, edema, and disorientation of the connective 
tissue. The. histologic response in the periodontal membrane 
of the appliance-bearing teeth was similar to that associated 
with tooth movement in that resorption occurred on the pres-
sure side and deposition occurred on the tension side. 
Since tooth movement is always an undesirable possibility 
during rapid maxillary expansion, Haas1 ,43-45, Wertz48,49, 
20 
66 · 67 DiPaolo (1970), and Alpiner and Beaver (1971) advocate 
the use of an expansion appliance which is borne by both 
the teeth and the palate. An acrylic maxillary expansion 
appliance provides maximtnn anchorage in order to achieve 
er~icient separation or the palatal halves and to maintain 
the orthopedic correction during the retention phase. The 
hygienic maxillary expansion appliance relies solely on the 
teeth ror resistance and, once the desired expansion has 
been ach~eved, the basal bone tends to relapse due to the 
residual 1:orces ot the surrounding tissues, 43-!~5 Isaacson68.69, 
. 
utilizing strain gauges, has ~olllld residual forces to be 
present up to six weeks following the termination of expan~ 
sion. The advantage of the hygienic appliance, according 
to Biederman70 (1968), is the lack of palatal. irritation 
re.sulting f'rom the pressure of the overlying acrylic. 
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CHAPTER 2 
ME'I'HODS AND JJIATERIALS 
The purpose of this study was to evaluate cephalo-
metricall.y the lateral changes occurring 1-:i thin the cranio-
1'aciall complex during rapid expansion of the midpalatal 
suture. 
Twenty-three children~ six males and seventeen females, 
exhibiting bilateral posterior crossbite and maxillary con-
striction .were selected to undergo rapid maxillary expansion 
as the first step in their orthodontic treatment. The children 
ranged in age from 10 years 2 months to 16 years 1 r11onth, 
with a mean age of 12 years .5 months. Ten children, .four 
mal.es and six females, received acrylic sp1it-pa1ate maxillary 
expansion appliances similar to the type described by Haas43 
and Wertz49 (Fig. 1); the remaining thirteen children, two 
~mal.es and eleven femaJ.es, received hygienic maxillary expansion 
applmances similar to the type described by Biederman7° (Fig. 2). 
In some cases, maxillary deciduous f'irst molars were present·. 
These teeth were banded in lieu of first premolars ir one 
hal.f of their root structure remained; however, a lack or 
surficient deciduous first molar root length necessitated 
. 
banding of the maxillary permanent first molars only. All 
se1ection was random and no attempt was made to divide the 
patients according to age or sex. 
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Each appliance was activated twice a day by turning 
the screw one quarter turn in the morning and in the a.!'ter-
noon. Each one quarter turn expanded the appliance 0.25mm. 
Expansion was continued until the maxillary buccal segments 
were no longer in crossbite and the proper lateral anatomical 
r elationships were obtained. Slight overcorrection 0£ the 
normal relationship was then done in order to allow for 
relapse following removal or the appliance. After the expan-
sion prodedure was completed~ the appliance was stabilized 
a~d allowed to remain in place for a three month retention 
period. 
Posteroanterior cephalometric radiographs were taken 
prior to activation 0£ the appliances and immediately fol-
lowing discontinuance or activation. Radiographs ~,ere taken 
using Kodak uBlue Brand" 8 11x10 11 film and a standardized 
cephaJ.ometer. Exposure time was 1.75 seconds at 90 kilo-
_volts and 15 milliamperes. The patients were protected by 
a lead apron during the exposure. For consistency of repro-
duction, the patients "t<i1ere placed in the cephalometer ,.sitn 
the Fra.nkf'ort horizontal plai~e parallel to the £1oor and 
the patientts nose at the intersection or the crosshairs 
on the cassette. Four children, one male and three females, 
reQuired two maxillary expansion appliances ·in order to 
achieve the necessary expansion. Final cepha~ograms of 
these patients were taken irrnnediately following discontinuance 
or activation of the s econd appliance. Tracings were not 
made of the radiographs. Instead, measurements were taken 
directly from the film in an attempt to eliminate errors. 
T'.ae .following linear measurements ,-1ere made to the nearest 
0.5mm (Figs. 3 a.pd 4): 
1. Maximum overall width (MOt'1) - the distance between 
the most latex•al points on the radiographic outline 
of the skull. 
2. Lateral. orbital width tLo) - the distance between 
tne points of intersection or the lateral contour 
of the orbit and the projection of the greater wing 
of the sphenoid. 
3. Medial! orbital width (1'1o) - the distance between 
the points of intersection of the medial contour 
of the orbit and the projection of the body of the 
sphenoid. 
4. Bizygomatio width , Bz) - the distance between the 
most la·teral points on the contour o:f the zygomatic 
arches. 
5. Binasal width (Bn) - the distance between the most 
lateral points on the contour of the nose. 
6. Bi...,iaxillary width (&nJ - the distance bet·ween the 
most concave portions of the maxilla bet·ween the 
first molar and the malar process. 
7. Maxillary molar width (MxM) - the distance between 
the most lateral points on the radi ographic outline 
of the maxillary first molars. 
8. Mandibular molar width (MnM) - the distance between 
the most lateral points on the radiographic outline 
of the mandibular molars. 
The non-paired t-test was applied to the eight var-
iables measured in eac}:l of the two groups in order ·co de-
terrt lne whether the acrylic maxillary expansion appliance 
. 
produced a greater amount of skel.eta1 change than did the 
hygienic maxil lary expansion appliance. The sign test was 
then performed so that the ef£ect of the appliance on each 
of the variables coul d be determined. Finally, a correl-
ation matrix was constructed in order to determine whether 
the magnitude of the change in the maxillary molar width 
(M.xl,1) was correlated with any of the other variables 
-measured., The maxillary molar width was chosen because 
this was the variable most directly inf'luenced by activa-
tion of the appliance. 
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CHAPTER 3 
RESULTS 
Al.l oases were considered sucoessiul in that the 
maxillary buccal segments were expanded sufficiently to 
correct the crossbite relationship and the appliances 
were well to1erated. 
Each 0£ the two groups (Table 1,2) were to be evaluated 
separately in order to determine whether the acrylic max-
illary expansion appliance produced a greater skeletal . 
change than did the hygienic maxillary expansion appliance. 
The non-paired t-test was applied to the eight variables 
measured to determ.ine skeletal change and no statistically 
significant dirferences could be .found between the two 
groups·; therefore, the results .from both groups were com-
bined and treated as one (Table 3,4,5). 
The sign test showed no statistically signi£icant 
changes tor the maximum overall. width (MOW) and the mandib-
ular molar ~dth (Mnl11). The changes that were observed 
(Table 6) were quite small and were felt to be due to exper-
imenta1 error • . Statistically significant changes at the 
.05 level (Table 7) were found for the lateral orbital 
width (Lo) and the medial orbital width (Mo). The 1 .. anges 
of these two variables are quite similar (Table 5), except 
tor two cases which show a large increase or Lo (V. K. +4.5mm; 
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J.M. +7.0). The changes noted for the bizygomatic 
width {Bz), the binasal width (Bn), the bimaxillary width 
(Bm), and the maxillary molar width (MxM) were all signi-
ficant at a level greater than .01 (Table 7). The mean 
increase of Bz was 0.870mm with a range 0£ 2.0 to -2.5mm. 
The one large negative change (J. s. -2.5:mm) may reflect 
the inaccuracy of measuring bizygomatic width described by 
McGonag1e71 and Richardson72• Increases in Bn, 13m, and 
MxM were noted in all .cases treated. The average increase 
of the biriasal width was z.239mm~ while the mean increa~e 
of the bimaxillary width was 2.801.µmn and that o:r the max-
illary molar width was 6.239mm (Table 6). 
The correlation (Table 8) between the change in max-
illary molar width (MxM) and the bimaxillary width .C:sm.) 
was significant at the .01 level (r=0.575); the same degree 
of correlation (.01 leve1, r=0.557) was ~ound between the 
~change in maxillary molar width and the binasal width (Bn). 
In addition, a strong correlation (.02 level) was round 
betl-Teen the changes in bimaxillary width and binasal width 
(r=0.516) and the changes in bizygomatic width (Bz) and the 
lateral orbitall width (Lo) (r=0.501). 
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CHAPTER 4 
DISCUSSION 
Haas1 ,43-45 advocates the use of an acrylic (maximum 
anchorage) maxillary expansion appliance because an appliance 
of this type produces a greater degree of suture opening 
and less displacement of the teeth. Partial coverage of 
the palate by acrylic not only provides support to the 
maxillary halves during expansion, but prevents loss of the 
orthopedic correction during the retention period, since 
. 
the bone is held in place by the appliance. In contrast, 
the lack or palatal coverage with the hygienic maxillary 
expansion appliance might allow skeleta.J.l relapse to occur~ 
since Isaacson69 has shown that residual £orces are present 
for up to six weeks following termination or appliance 
activation. 
The results obtained in this study tend not to support 
the concept that the acrylic maxillary expansion appliance 
produces a greater amount of skeletal change than does the 
hygienic maxi] lary expansion appliance. Each appliance 
appeared to produce the same amount of orthopedic change. 
Separation of the maxillary segments is not the sole 
result of having acrylic support the palate during expansion. 
Starnbach, et a147, Starnbach and Clea115°, and Murray and 
Clea1t152 have demonstrated compression of the periodontal 
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membrane along the buccal surface o~ the teeth to whioh 
the ma:(illary expansion appliance was attached. Hyalin-
ization of the periodontal membrane as a result of the heavy 
~orces (three to ten pounds) 68 produced when the appliance 
is activated may prevent expansion or the dental units and 
allow the £orces to be transmitted to the supporting bone. 
The data from this study seem to suggest that tl1is, . rather 
than palatal support by acrylic, may be more important in 
producing the slcel.etal changes measured. 
The lack of change :i:.n the mandibular molar width, 
noted radiographically, is consistent with the findings of 
Wertz49~ who also measured changes in mandibular molar 
width from .fronta1 l1ead rilms. On the other hand, Davis 
and Kronman53 noted small, but significant, increases in 
mandibular molar width (0.55-0.95mm) during the course of 
maxillary expansion. Their measurements were made on the 
patient's study models and possess a degree o~ accuracy 
which is greater than that possible for measurements made · 
~rom radiographs. Haas1~41 believes this change in the 
position of the mandibu1ar molars to be a response to altered 
~orces of occlusion or changes in muscular balance. 
Krebs42 , using vitallium implants in alveolar and basal 
bone, found that the increase in dental arch ~tldth was about 
twi ce that of the basal maxillary width. This relationship 
led him to hypothesize a hinge-like lateral rotation of the 
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maxillary segments resulting in a suture opening which was 
widest inferiorly and becarne increasingly narrow superiorly. 
The findings of this study appear to support his observations • 
. 
The increase in maxillary molar width (M.xM) was found to be 
2.2 tllimes the increase _in bima.xillary width (Bm). The 
greatest increase in width was at the level or the maxillary 
molars, while the smallest increase was at the level or 
!,o (Table 6); therefore, supporting the skeletal rotation 
theory postulated by Krebs43. 
A nuxnber of investigators, including Haas41, Krebs~2, 
and Wertz49, have measured increases in the width or the 
nasal cavity as a result of expansion of the midpalataJ. 
suture. Haas41 , using the pig as the experimental animal, 
measured increases in nasal width up to -7mm. Krebs42_ study-
. 
ing ma.ocilla.ry expansion with the aid of metallic implants, 
noted increased nasal width or 2.5mm. Wertz49~ taking 
measurements rrom rrontal radiographs, found that the width 
. 
or the nasal cavity. increased an average o~ 1 • 9mm. T11e 
mean increase in binasal width (Bn) noted in the present 
stud~ (Table 6) is in agreement with the findings of both 
Krebs42 and Wertz49. The strong correlation (Table 8) 
between the increase in binasal width and the increase in 
both the maxillary molar width (MxM) and bimaxillary width 
(an) is the result of the close anatomic relationship 't-rhich 
exists between these structures. As the midpalatal suture 
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is expanded, the maxillary segments rotate laterally 
. 
carrying the lateral walls of the nasal cavity outward; 
. 
therefore, increasing the intranasal. width. 
The small, · but significant, increase round for the 
bizygomatic width (Bz), the lateral orbital width (Lo); 
and the medial orbital width (Mo) appear to disagree with 
the findings of Davis and Kronman53. Their findings, record-
ed from pre- and posttreatment cepha1ograms, showed no 
statistically valid changes occurring in the bizygomatic 
and biorbital widths. The posttreatment cephalograms were 
taken at the end of fixed retention (three to six months 
after stabilization of the appliance). This allowed suf-
~icient time for relapse of the bizygomatic and biorbita1 
widths. Since the posttreatment cephalograms for this 
study were taken at the time of stabilization, relapse of 
the bizygomatic and biorbi tal ~ddths had not yet occurred; 
thererore,. it was possible to measure the small increases 
in width which occurred as the appliance was activated. 
HaasJ has reported that some patients feel pressure 
in the region or the articulation of the ~rontal and nasal 
bones and in the areas of the zygomaticomaxillary and 
zygomaticotemporal sutures as the appliance is activated. 
Starnbach, et a147 and Gardner and Kronman65 have shown, 
in animal studies~ that these sutures are histologically 
active during the expansion procedure. These changes in 
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the frontonasal suture and the sutures of the zygomatic 
arch are prob~bly related to the small amount of expansion 
measured in these areas. Although these changes are . 
statistically significant, their clinical significance 
is questionable, since the changes are quite small and 
appear to relapse completely during the period of ~ixed 
retention. 
As it has been shown by the present study, no apparent 
di£ference exists in the amount of orthopedic change pro-
duced by .the two types of maxillary. expansion appliances 
evaluated. Since each is equally efficient in producing 
the desired dental and skeletal expansion, support or the 
_maxillary segments with acrylic during the period of appli-
ance activation is apparently unnecessary. The hygienic 
maxillary expansion app~iance, therefore, is an erfective 
method for producing rapid maxillary expansion. When the 
·appliance is stabilized for the retention period, residual 
£orces which may tend to produce relapse of the skeletal 
segments are present for up to six weeks.69 If the hygienic 
maxillary. expansion appliance is being used, the bone may 
relapse toward its original position, while the teeth are 
being held. 1,43-45 The ract that this occurs is only an 
assmnption, since it has yet to be proven experimentally. 
I~ it can be shown that there is no significant difference 
in the amount 0£ relapse between the hygienic maxillary 
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expansion appliance and the acrylic maxillary expansion 
a.ppliance, the hygienic appliance would be the one or choice, 
since there is less tissue impingement and palatal irritation. 
I.f there is a greater arnount or slreletal relapse with the 
11:ygienic maxillary expansion appliance, it is still a val-
uable appliance in the treatment of bilateral maxillary 
constriction. Following completion o~ expansion, the hygienic 
appliance can be removed and an acrylic palatal waf'er in-
serted for the retentipn period in order to maintain the 
dental and skeleta.JL correction achieved. 
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CHAPTER 5 
CONCLUSIONS 
1. -The acrylic ma.xi] lar~ expansion appliance produced 
the same amount ot dental and skeletal expansion as did the 
hygienic maxillary expansion appliance. 
2. There was na signiricant change in maximum over-
all width of the skull of mandibular molar width. 
3. The increase in the dental arch width was about 
twice that of the basal maxill ary width. 
' 
4. The mean i ncrease in binasal width was 2.24mm and 
was strongly_ correlated ( .01 level) with the increase in 
bimaxillary width. 
5~ Sma11~ . but statistically significant, increases 
occur in the bizygomatic width, lateral orbital width, and 
medial orbital ,-1idth. The clinical signiricance of these 
-
changes is questionable• since they are quite .small and 
possibly relapse during the period of retention. 
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TABLES 
TABLE 1 
ACRYLIC }1AXILLi\RY EXPANSION APPLIANCES 
Case Sex Case Sex 
1. D. G. F ' 6. M. M. M 
t1-10 appliances 
7 .. c. o. F 2. v. K. F 
B. F. P. ?-1 3. M. L. 11 two appliances 
... 4. • c. Ivl. F 9. s. s. F 
5. D. M. M 10. L. s. F 
TABLE 2 
HYGIENIC[: MAXILL.t\.RY EXPANSION APPLIAl1TCES 
·sase Sex Case Sex 11 
-1. D. A. M a. J. M. F 
2. Ii'. D. F 
two appliances 
9. c. P. F 
10. J. s. F 3. H. e::. F 
11. D. s. F 4; • . s. G. F t1,ro appliances 
' 
5. L. G. F 12. T. \'[. F 
6. K. J. :t-1 13. A. Y. F 
1. B. ~1. F 
44 
Case 
• 
1. D. A. 
2. F. D. 
3. H. C. 
4. D. G. 
5. S. G. 
6. L. G. 
7. IC. J. 
8. V. K. 
9. ?-1. L. 
-
10. c. 11. 
11. D. M. 
12. B. M. 
TABLE 3 
PRE-EXPANSION MEASUREMENTS(nnn) 
M0\'1 1Lo Mo Bz Bn I I I 
155.o 88.5 20.0 134.5 2a.o 
142.0 81.0 21.5 109.5 31.5 
153.0 93.5 24.0 11 a.o 28.0 
146.0 89.5 2L~.5 122.5 33.5 
140.0 83.0 22.0 11 ~.5 30.0 
144.0 88.5 26.5 94.5 31.0 
155.5 87.5 23.0 123.0 29.5 
152.0 81.0 22.0 114.s 29.0 
149.5 86.o 22.5 108.5 29.0 
150.0 90.5 21.0 131.5 31.5 
147.5 89.0 20.5 109.0 30.0 
1~7.0 79.0 23.0 123.0 29.0 
45 
Bm MxM ?-1nM 
I J I 
58.o 51.0 56.o 
54.0 48.o 59.5 
. 
60.0 5f3.o 66.5 
62.0 52.0 57.5 
53.5 48.5 58.o 
57.0 58.o 63.0 
60.0 55.5 67.5 
58.5 51.5 65.5 
54.0 52.0 59.0 
53.0 52.0 60.0 
61.5 57.0 -69.0 
-. 
58.o 58.o 62.5 
TABLE 3 (CONT'D) 
Case MOW Lo Mo Bz Bn Bm 1'1xM MnM 
13. M. M. 153.0 86.5 21.5 126.5 34.0 60.0 56.5 56.5 
' 
· 14. J. :tvI. 11*7 .o a4.o 24.0 ~15.o 35.5 59.0 55.5 63.0 
15. c. o. 144.5 82.5 20.0 116.0 27.0 60.0 52.5 59.5 
16. F. P. 150.0 88.5 27.5 119.0 35.5 61.0 51o0 66.5 
17. c. P. 148.0 82.0 19.5 100.0 28.0 52.5 49.0 65.o 
1.8. s. s. 141.0 84.0 20.0 112.5 34.5 57.5 51.0 61.5 
19. J. s. 145.5 87.5 25.5 117i .o 28.5 59.0 52.5 70.0 
20. L. s. 14r1i.o 91.0 22.0 118.0 32.0 60.0 55.5 62.0 
21. D. s. 15~ .o BB.o 25.0 122.5 35.o 59.5 52.0 65.o 
22. D. W. 142.0 86.o 24.0 114.0 29.0 54.0 53.5 59.5 
23. A. Y. 139.0 85.o 22.0 111.5 30.5 56.5 55.o 63.0 
-
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TABLE 4. 
POST-EXPANSION MEASUREMENTS{mrn) 
Case }10\'1 Lo Mo Bz Bn Bm MnM • 
....... 1. D. A • 155.o 87.5 19.5 135.o 30.5 60.0 59.5 56.o 
# 2. F. D. 142.0 82.0 22.0 109.5 35.o 58.o 57.5 60.0 
. 3. H. c. 152.5 93.5 2L~.5 119.0 29.0 61.5 60.5 67.0 
4. D. G. 146.0 90.5 25.0 122.5 36.0 65.o 61.5 57.5 
5. S. G. 140.0 85.o 22.5 115.5 33.5 57.0 54.0 58.5 
6. L. G. 1~.o 89 • .5 25.0 95.5 32.5 59.0 64.0 63.0 
]. K. Ji. 156.o 87.5 25.0 124.5 31.0 62.5 61.0 67.5 
8. v. K. 151.5 85.5 23.5 116.0 31.0 61.0 58.o 64.5 
9. }1. I!,. 151.0 88.5 22.5 109.5 33.0 56.o 5B.o 58.o ~ 
10. c. M. 149.5 90.,0 22.0 132.0 33.5 51.0 57.5 60.0 
11. D. M. . 147.5 90.0 20,,5 111.0 31.0 63.5 61.0 69.5 
-
12. B. M. 147.5 81.5 23.5 125.0 30.0 59.0 62.0 62.0 
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TABLE 4 (CONT'D) 
Case MOvl Lo Mo Bz Bn Bm M.xM MnM 
I 
" .... 
13. M. M. 152.5 87.0 22.0 128.0 36.0 63.0 64,.o 56.5 
14.. Ji. M. 147.0 91.0 23.0 117.0 38.0 64.0 61.0 64.0 
15. <;l. 0. 1!~5.o 84.0 20.0 117.0 29.0 62.0 57.5 59.5 
16. F. P. 150.0 88.5 27.5 119.5 39.0 64.5 57i.5 67.0 
11. c. P. 141.5 81.0 20.0 101.5 31.0 58.o 59.0 65.o 
18. s. s. 141.0 86.o 20.5 114.0 36.0 60.0 51.0 62.0 
19. J. s. .145.5 86.o 25.5 144..5 31.0 61.0 59.0 70.0 
20. L. s. 1~7.0 91.5 22.0 118.0 34.0 63.0 61.0 62.5 
21. D. s. 151.0 86.5 24.0 123.0 37.5 63.0 60.0 66.o 
22. T. W. 142.0 87.0 25.0 116.0 31.5 56.5 58.o 59.5 
23. A. Y. 
· 139~0 85.5 22.5 117.5 32.0 58.5 60.0 63.0 
TABLE 5 
NET GHA1'fGE (mm) 
Case MOW Lo Mo 
• I I 
Bz Bn Bm Mx?,i 1'InM 
1. :D. A. o.o -1.0 -0.5 +o.5 +2.5 +2.0 +805 o.o 
2. 1;,. D. o.o +1.0 +0.5 o.o +3.5 +4.0 +9.5 +o.5 
3. H. c. -0.5 o.o +o.5 +1.0 +1.0 +1.5 +2.5 . +0 • .5 
4. D. G. o.o +1.0 +o.5 o.o +2.5 +3.0 +9.5 o.o 
5. s. G. o.o +2.0 +o.5 +1.0 +3.5 +3.5 +5.5 +0.5 
6. L. G. o.o +1.0 
-1.5 +1.0 +1.5 +2.0 +6.o o.o 
7. K. J. +o.5 o.o +2.0 +1.5 +1.5 +2.5 +5.5 o.o 
8 •. V. K. 
-0.5 *-4.5 +1.5 +1.5 +2.0 +2.5 +6.5 
-1.0 
9. M. L. +1.5 +2.5 o.o +1.0 +4.0 +2.0 +6.o 
-1.0 
, 10. c. M. 
-0.5 -0.5 +1.0 +o.5 +2.0 +4.0 +5.5 o.o 
11. D. M. o.o +1.0 o.o +2.0 +1.0 +2.0 +4.0 +0.5 
12. B. I'1. +0.5 +2.5 +0.5 +2.0 +1.0 +1.0 +4.0 -0.5 
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TABLE 5 (COlfT'D) 
Gase ~10W :Lo Mo Bz Bn M.xM Mnl-1 -
13. M. ~1. 
-0.5 +0.5 +0.5 +1.5 +2.0 +3.0 +7.5 o.o 
14. J. M. o.o +7.0 -1.,0 +2.0 +2.5 +5.o +6.o +1.0 
15. c. o • . +0.5 +1.5 o.o +1.0 +2.0 +2.0 +5.o 0.0 
16. F. P. o.o o.o o.o +0.5 +3.5 +3.5 +6.5 +0.5 
1 'l. ~. P. 
-0.5 -1.0 +0.5 +1.5 +3.0 +5.5 +10.0 o.o 
18. s. s. o.e +2.0 +0.5 +1.5 +1.5 +2.5 +6.o +0.5 
19. J. s. 0.0 
-1.5 o.o 
-2.5 +2.5 +2.0 +6.5 o.o 
20. L. s. 0.0 +0.5 0.0 o.o +2.0 +3.0 +5.5 +0.5 
21. D. s. 0. Ci) 
-1.5 -1.0 +0.5 +2.5 +3.5 +8.o +1.0 
22. T. w. 0.0 +-1.0 +1.e +2.0 +2.5 +2.5 +4.5 o.o 
23. A. Y. o.o +0.5 +o.5 o.o +1.5 +2.0 +5.o o.o 
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Variable 
1. MOW 
2. M.nl1 
3. Lo 
4.. Iv.Io 
5. Bz 
6. Bn 
7. Bm 
a. l·lxtvI 
TABLE 6 
SUI'1!'-1ARY 0F RA1i DATA 
Mean Maximum 
• 
0.022 1.500 
0.130 1.000 
1.000 7.000 
0.261 2.000 
0.870 2.000 
2.239 Q!.000 
2.804 5.500 
6.239 10.000 
Minurnum 
-0.500 
-1.000 
-1.500 
-1.500 
-2.500 
1.000 
1.000 
2.500 
. . ""-. 
... 
... 
Variables 
1. MxM-Bm 
2. MxM-Bn 
3. Bm-Bn 
4. Bz-Lo 
1. 
2. 
3. 
4.. 
5. 
6 .. 
7. 
a. 
TABLE 7 
SUMl11ARY OF SIGN TEST 
iiot~ not signif'icant 
JvintvI not signi.f'icant 
Lo .05 level 
Mo .05 level 
Bz .01 level 
Bn .01 level 
Bm .01 level 
MxM .01 l.evel 
TABLE 8 
SUl.fi-lARY OF CORRELATION MATRIX 
r Values Signific~oe 
0.575 
.01 
0.559 .01 
0.516 
.02 
0.501 
.02 
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Level 
ILLUSTRATIONS 
FIGURE 1 
Frontal Cephalogram 
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FIGURE 3 
Acrylic Maxillary Expansion Appliance 
• • 
FIGURE 4 
Hygienic Maxillary Expansion Appliance 

